OBJECTIVE: To examine the validity of self-reported information on obesity and high blood pressure (HBP) in relation to gender and age, and to explore the impacts of their misclassi®cation on the association between obesity and HBP. DESIGN: Community based cross-sectional study. SUBJECTS: 1791 adult subjects living in Humboldt, Saskatchewan, Canada. MEASUREMENTS: Objectively measured HBP was positive if systolic blood pressure (BP) was !140 mm Hg, diastolic BP was !90 mm Hg or the subject was currently using antihypertensive medication. Self-reported HBP was positive if the subjects gave an af®rmative response to the question:`Has a doctor ever said you had high blood pressure?' Body mass index (BMI) was calculated as weight (kg)aheight (m) 2 . Obesity was de®ned as a BMI b 27 kgam 2 . Measured obesity and reported obesity were based on measured and self-reported information on height and weight, respectively. RESULTS: The sensitivity of self-reported HBP was low, and was lower for men than for women, and for younger subjects than for older subjects. The speci®city was similar for both genders. Obese individuals had higher sensitivity and lower speci®city than non-obese individuals. The differential misclassi®cation of self-reported HBP caused a bias away from the null when the relative risk for HBP in relation to obesity was estimated. CONCLUSIONS: As a result of the gender-and age-related misclassi®cation of self-reported HBP, the modi®cation role of gender and age on the association between obesity and HBP could be altered. The bias caused by self-reported obesity was relatively small and was either toward or away from the null.
Introduction
Reporting bias, as one type of information bias, happens frequently, and is a major concern in questionnaire studies. As a result of information bias, a study subject may be misclassi®ed in terms of disease andaor exposure status. 1 Dependent on whether or not the classi®cation error of disease or exposure status was the same for each comparison group, the misclassi®cation can be classi®ed into two types: nondifferential and differential. 1 Ignoring either type of misclassi®cation may lead to biased results.
Previous studies have documented that overweight or obesity is associated with elevated blood pressure (BP) in men and women. 2 ± 17 Overweight or obesity in epidemiological studies is often de®ned by using weight and height measures. 18 ± 20 A number of studies have examined the validity of self-reported as compared to measured weight andaor height. 21 ± 34 As continuous variables, the correlations between the self-reported and measured sources are high; however, there is a tendency to underestimate weight and overestimate height. Some investigators observed substantial misclassi®cation when they de®ned a categorical variable of obesity by using self-reported information on weight and height. 26, 30, 31, 34 Researchers have commonly used self-reported high blood pressure (HBP) in epidemiological studies, for example, the US Nurses' Health Study. 35 A study showed that registered nurses underreported their HBP. 36 Nurses are more likely to know and reliably report their health conditions than the general population. 35 The validity of self-reported information on HBP could be worse in the general population, which has not been well documented as yet.
The purpose of the present analysis is to examine the validity of self-reported information on obesity and HBP, and to explore the impacts of gender-and age-related misclassi®cation on the association between obesity and HBP.
Methods
A community study was conducted in the town of Humboldt, Saskatchewan in 1993. 16, 37 The study population included all town residents aged 6±74 y. This analysis was based on the data from adult subjects aged 18±74 y. In the study of adults, approximately 150 volunteers canvassed the town and asked each eligible subject to participate in the project and to provide a written consent for involvement. If the subjects were not willing to participate in the study, the reasons for nonparticipation were identi®ed. Of the 2327 potential subjects aged 18±74 y (1051 men and 1276 women), 1998 participated, resulting in a response rate of 85.9%. The response rate was higher in women (87.8%) than in men (83.5%).
The subjects completed a questionnaire in the home by themselves. The questionnaire asked for information on socio-demographic factors, smoking, alcohol consumption, exercise, the home environment, individual and family history of pulmonary and cardiovascular diseases and diabetes. Each subject reported height and weight as well.
Each participant had a clinic visit which included measurements of lung function, blood pressure, height and weight. Guidelines for blood pressure measurements were those recommended by the Canadian Coalition for High Blood Pressure. 38 We used standard mercury sphygmomanometers and 15 inch stethoscopes as well as appropriately sized cuffs, based on subjects' arm circumference: a regular adult cuff (22±33 cm), a large adult cuff (33±41 cm) and a thigh cuff (b 41 cm). Prior to BP reading, each subject rested quietly for a minimum of 5 min. We obtained two BP readings and used the mean of the two measurements for this analysis. We measured weight to the nearest 0.1 kg using a calibrated hospital spring scale with subjects dressed in normal indoor clothing but without shoes. We measured height in centimetres against a wall, using a ®xed tape measure with subjects standing in stockinged feet on a hard surface.
Objectively measured HBP was positive if systolic BP was !140 mm Hg, diastolic blood pressure was !90 mm Hg or the subject was currently using antihypertensive medication.
Self-reported HBP was positive if the subjects gave an af®rmative response to the question:`Has a doctor ever said you had high blood pressure?'
We calculated BMI as weight (kg)aheight (m) 2 . We de®ned obesity as a BMI b 27 kgam 2 . Objectively measured obesity and reported obesity were based on objectively measured and self-reported information on height and weight, respectively.
Assuming that objectively measured HBP and obesity were valid, we examined construct validity by calculating sensitivity, speci®city and positive and negative predictive values of self-reported HBP and obesity. Sensitivity was the proportion of self-reported HBP or obesity among all objectively measured HBPs or obesity. Speci®city was the proportion classi®ed as without self-reported HBP or obesity among all of those not classi®ed as HBP or obesity by objective measuring. Positive predictive value was the proportion of those who self-reported HBP or obesity, and actually had objectively measured HBP or obesity. Negative predictive value was the proportion of those who self-reported no HBP or obesity and did not have measured HBP and obesity. Furthermore, assuming that the calculation of relative risk based on objective measures of obesity and HBP produces a valid estimate, bias is calculated by: RR* À RRaRR RR* is a relative risk estimate based on self-reported information either on obesity or HBP or both. RR is a relative risk estimate based on both objectively measured obesity and HBP.
Results
Overall, 1998 adult subjects participated in the study. We excluded 207 who did not answer the questions about HBP, height andaor weight. Table 1 shows the comparison of objectively measured and self-reported HBP and obesity. In men, the prevalence of reported HBP was markedly lower than that of objectively measured HBP. The difference decreased with increasing age, namely, the largest difference was observed with the 18±34 y age group, the lowest with the 55±74 y group and an intermediate difference with the 35±54 y group. For women, the prevalence of self-reported HBP was also lower than that of Reporting bias of obesity and high blood pressure Y Chen et al measured HBP; however, the difference was less striking when compared to men. The prevalence of reported obesity was lower than that of measured obesity for both genders ( Table 1) . The difference seemed larger for older subjects than for younger subjects. Table 2 presents the gender-and age-speci®c sensitivity and speci®city of obesity based on reported height and weight, when compared to obesity based on objectively measured height and weight. The sensitivity was 86.0% for men and 87.9% for women, and the speci®city was 95.1% for men and 96.8% for women. The positive and negative predictive values were 95.4% and 85.2% for men, respectively. For women, they were 97.6% and 85.9%, respectively. The data did not show clear patterns of the validity across gender, age and HBP strata. Table 3 shows the gender-and age-speci®c sensitivity and speci®city of reported HBP as compared to measured HBP for persons with and without measured obesity. Overall, the sensitivity for reported HBP was low, and lower for men (41.1%) than for women (61.2%). The speci®city was relatively high and showed little difference between genders (93.8% for men and 94.3% for women). Men had a lower negative predictive value (72.3%) than did women (84.9%). The positive predictive value was similar for men (80.1%) and women (82.4%). The sensitivity was higher in obese subjects than in non-obese subjects (men: 46.9% vs 30.6%; women: 68.2% vs 50.8%), while the speci®city was lower in obese vs non-obese subjects (men: 90.0% vs 97.3%; women: 90.3% vs 96.2%). The sensitivity increased with increasing age in both obese and non-obese men. There was no discernible trend for sensitivity in obese women. The positive predictive value was improved in older subjects while the negative predictive value was relatively high in younger subjects.
We estimated relative risk and 95% con®dence intervals for HBP in relation to obesity based on the objectively measured and self-reported information (Table 4) . For men, the relative risk was similar whether obesity was classi®ed by using objectively measured or self-reported height and weight. However, the relative risk increased if HBP was based on self-reporting, particularly in the younger age group. In women as a whole, the relative risk for selfreported HBP was greater than for measured HBP, but the difference was small when compared to that found in men and was not consistent across the age groups. Table 5 shows the reporting bias in the association between obesity and HBP. If the classi®cation of obesity was based exclusively on reported information, the bias for the association between obesity and HBP was small for both men and women with an absolute value less than 10%, and showed no consistent direction. When HBP was based on self-reporting, the bias in men was very large in the 18±34 y age group at 367% and 434% depending on whether obesity was determined based on measured or selfreported height and weight. The bias in men decreased Reporting bias of obesity and high blood pressure Y Chen et al with increasing age and approximated 25% in the 55±74 y age group. The direction of the bias due to reported HBP was always away from the null in men. In women, the bias for the association between obesity and reported HBP was less striking and showed no clear trend related to age. The direction of bias was either toward or away from the null.
Discussion
The overall sensitivity and speci®city for reported obesity was slightly higher in women than in men. Compared to men, women are more likely to underreport their weight, but are more accurate in reporting Reporting bias of obesity and high blood pressure Y Chen et al their height, which results in greater accuracy of relative weight categories. 31 Our data showed a decreased validity of reported obesity in younger men as compared to their female counterparts. The validity of reported obesity in terms of sensitivity and speci®city was similar for men and women in the 55± 74 y age groups. The overestimation of height and underestimation of weight results in an underestimation of relative weight. 26, 31 Previous studies have indicated that using the self-reported relative weight measures as a continuous variable may have little impact on results; however, substantial misclassi®ca-tion can occur when using relative weight as a categorical variable. 26, 31 In our case, the bias of the relative risk estimation for HBP due to misclassi®ca-tion of obesity was less than 10% in all gender and age groups, if HBP was objectively measured. The bias was either positive or negative. However, if HBP was self-reported, the bias was as high as 29% in men aged 35±54 y ((2067±2.07)a2.07).
Our data showed that the subjects remarkably underreported HBP, and that this trend was more marked in men than in women and more marked in younger subjects than in older subjects. There is some evidence for the validity of self-reported HBP in the existing literature. Based on a small sample of the US Nurses' Health Study cohort, Colditz et al 36 found that 7% of the female nurses who had not reported HBP, actually had BP elevations. Those registered nurses were more knowledgeable about their medical conditions than are the general population. In the present study, we found that the overall speci®city and negative predictive value of reported HBP were similar in men and women, while the sensitivity and positive predictive value were much worse in men than in women. The sensitivity and positive predictive value of self-reported HBP in men were the worst in the youngest age group and improved with age, but the trend was less clear in obese women. Obese men and women were more likely to know their HBP condition than were their non-obese counterparts, indicating that the misclassi®cation was differential. The speci®city of reported HBP was relatively stable across the gender and age strata. The data suggested that selfreported HBP is biased, which is related to gender, age and obese status. It seems a reasonable thought that if individuals are older and obese, they may seek medical attention to a greater degree than younger and non-obese persons do.
We could not identify factors which might affect the measurement of blood pressure and the de®nition of HBP and which were responsible for the genderand age-related differences in the validity of reported HBP. It has been indicated that incorrect cuff size may lead to an underestimation of blood pressure in lean individuals and overestimation in obese individuals. 35 However, the sensitivity of self-reported HBP was higher in obese subjects than in non-obese subjects in the present study.
The differential misclassi®cation of self-reported HBP appeared to cause biased estimates of the association between obesity and HBP. The association was stronger based on self-reported HBP vs measured HBP and the bias was always away from the null. The bias of a relative risk estimate was larger in men (59%) than in women (22%), which was tallied with the difference in the validity of self-reported HBP between men and women. Since obese individuals were more likely to know their status with regard to HBP, the estimate based on reporting data suggested an arti®cially stronger association than that based on measuring data.
The relationship between obesity and HBP was stronger in the younger subjects than in the older subjects, which is consistent with previous studies. 10,12,14 ± 16 However, the trend in men became more prominent when the HBP was based on selfreporting. The younger the men, the lower the validity of self-reported HBP. As mentioned above, a higher degree of the differential misclassi®cation of HBP caused a stronger association between obesity and HBP. The validity of self-reported HBP in women shows no clear age-related trend. It seems that the estimation of age-related association between obesity and HBP based on self-reporting in women was more reliable compared to men.
The modi®cation of gender on the association between obesity and HBP is also of great interest. Reporting bias of obesity and high blood pressure Y Chen et al
Based on the measured data, the association was stronger in women than in men, particularly in younger age groups. For those aged 18±24 y, the relative risk was 4.78 in women compared to 1.73 in men. In the same age group, the relative risk estimate was similar in women (RR 4.74) if HBP was based on self-reporting but increased dramatically in men (RR 8.08), which suggests that the conclusion of gender-related association can be altered because of gender-related misclassi®cation of self-reported HBP.
Conclusion
In summary, the misclassi®cation of self-reported HBP was extensive in the general population and was gender-and age-related. When examining the association between obesity and HBP, the misclassi®cation was differential, which caused the bias away from the null. The misclassi®cation of HBP varied across gender and age strata. As a result, the modi®cation role of gender and age on the association between obesity and HBP could be altered. The bias caused by misclassi®cation of reported obesity was relatively small, and was either toward or away from the null.
